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(57) ABSTRACT

An active matrix substrate includes a plurality of scanming
lines (11a) extending parallel to each other; a plurality of
signal lines (16a) extending parallel to each other 1n a direc-
tion crossing the scanning lines (11a); a plurality of TF'T's (3)
cach provided at each of intersections of the scanning lines
(11a) and the signal lines (16a), and each including a semi-
conductor layer (4a); and a coating type insulating layer
formed between each of the scanning lines (11a) and each of
the signal lines (16a). A plurality of openings (15a) are
formed 1n the msulating layer such that each of the semicon-
ductor layers (da) 1s exposed, and at least part of a peripheral
end of the opening (134a) of the 1insulating layer 1s positioned
on an inner side relative to each of peripheral ends of the
semiconductor layers (4a).

9 Claims, 15 Drawing Sheets
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ACTIVE MATRIX SUBSTRATE AND
METHOD FOR MANUFACTURING THE
SAME

TECHNICAL FIELD

The present invention relates to an active matrix substrate
and a method for manufacturing the active matrix substrate.
In particular, the present invention relates to an active matrix
substrate using a coating type insulating film, and to a method
for manufacturing the active matrix substrate.

BACKGROUND ART

An active matrix substrate forming a liquid crystal display
device includes, e.g., a plurality of scanning lines extending
parallel to each other, a plurality of signal lines extending
parallel to each other 1n a direction perpendicular to the scan-
ning lines, and a plurality of thin film transistors (heremafter
referred to as “TFTs”) each provided at an intersection of the
scanning line and the signal line. In recent years, the configu-
ration in which, 1n the active matrix substrate, the scanning
lines and the signal lines are electrically insulated from each
other by a coating insulating film called a “spin-on-glass
(SOG) film™ has been proposed to reduce capacitance pro-
duced at each of the intersections of the scanning lines and the
signal lines.

For example, Patent Document 1 discloses an active matrix
substrate in which a multi-layer insulating film covering scan-
ning lines mcludes a first insulating layer which 1s a lower
layer formed by patterning a SOG film made of an organic
SOG material, and a second insulating layer which 1s an upper
layer made of an organic insulating film such as a silicon
nitride film.

In addition, Patent Document 2 discloses an active matrix
substrate 1n which a SOG film 1s used as an insulating film to
cover TFTs, and signal lines are formed from a conductive
layer different from source electrodes and drain electrodes of
the TF'Ts and are connected to corresponding one of the
source electrodes of the TF'T's through contact holes formed 1n
the msulating film.

CITATION LIST
Patent Document

PATENT DOCUMENT 1: International Publication No.
2006/022259

PATENT DOCUMENT 2: Japanese Patent Publication
No. 2006-215086

SUMMARY OF THE INVENTION

Technical Problem

FIGS. 14 and 15 are cross-sectional views illustrating steps
for manufacturing a conventional active matrix substrate 120
using a coating type insulating film. Note that, in FIGS. 14
and 15, a cross section of a TFT 1s 1llustrated 1n a region A, a
cross section of a contact part of a pixel electrode 1s 1llustrated
in a region B, and a cross section of a line switchung part 1s
illustrated in a region C.

The steps for manufacturing the conventional active matrix
substrate 120 using the coating type isulating film will be
described below.

First, as 1llustrated 1n FI1G. 14(a), after three metal films are
stacked on each other by sputtering, the multi-layer metal {ilm
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2

1s patterned by using photolithography, thereby forming a
scanning line 111q, an auxiliary capacitor line 1115, and a
lead line 111¢ which 1s for a signal line.

Subsequently, as 1llustrated 1n FIG. 14(5), an organic SOG
film 1s applied to the entirety of a substrate on which the
scanning line 111a, the auxiliary capacitor line 1115, and the
lead line 111¢ are formed, followed by baking of the orgamc
SOG film. Then, the organic SOG film 1s patterned by using
the photolithography, thereby forming a first insulating layer
112.

Substantially, as 1llustrated 1n FIG. 14(c), a second msulat-
ing layer 113, an intrinsic amorphous silicon film, and ann™
amorphous silicon film are, by chemical vapor deposition
(CVD), stacked 1n this order on the entirety of the substrate on
which the first msulating layer 112 1s formed. Then, the
multi-layer semiconductor film including the intrinsic amor-
phous silicon film and the n™ amorphous silicon film 1s pat-
terned by using the photolithography, thereby forming intrin-
sic amorphous silicon layers 114a and 1146 and n*
amorphous silicon layers 1154 and 11355.

Subsequently, as 1llustrated in FI1G. 14(d), two metal films
are, by the sputtering, stacked on the entirety of the substrate
on which the intrinsic amorphous silicon layers 114a and
1145 and the n™ amorphous silicon layers 115a and 1155 are
formed. Then, the multi-layer metal film 1s patterned by using
the photolithography, thereby forming a source electrode
(signal line) 116¢a and a drain electrode (auxiliary capacitor
clectrode) 11654.

Subsequently, as illustrated in FIG. 14(e), part of the n™
amorphous silicon layers 115q and 113556 exposed through the
source electrode 116a and the drain electrode 1165, and upper
parts of the intrinsic amorphous silicon layers 114a and 11456
positioned below the n* amorphous silicon layers 1154 and
11556 are removed by dry etching, thereby forming a semi-
conductor layer 104a including an intrinsic amorphous sili-
con layer 114aa and an n* amorphous silicon layer 115aa,
and forming a semiconductor layer 1045 including an intrin-
sic amorphous silicon layer 114ba and an n* amorphous
silicon layer 115ba. In such a manner, a TFT 5 1s formed.

Subsequently, as 1illustrated 1n FIG. 15(a), an norganic
insulating film 117 1s, by CVD, formed on the entirety of the
substrate on which the TFT 5 1s formed. Then, as 1llustrated 1n
FIG. 15()), a photosensitive resin film 1s applied and pat-
terned, thereby forming a fourth 1nsulating layer 118.

Subsequently, as 1llustrated 1n FI1G. 15(c¢), part of the 1nor-
ganic msulating film 117 exposed through the fourth msulat-
ing layer 118 1s removed by the dry etching, thereby forming
a third msulating layer 117a.

Finally, as 1llustrated 1n FIG. 15(d), a transparent conduc-
tive film 1s, by the sputtering, formed on the entirety of the
substrate on which the third insulating layer 117a 1s formed.
Then, the transparent conductive film 1s patterned by using
the photolithography, thereby forming a pixel electrode 119a
and a transparent conductive layer 1195. In the foregoing
manner, the active matrix substrate 120 can be manufactured.

As described above, 1n the conventional active matrix sub-
strate 120, the first insulating layer 112 formed by patterning,
the relatively-thick organic SOG film 1s arranged between
cach of the scanning lines 111a and each of the signal lines
(116a). Thus, capacitance produced at each of intersections
of the scanning lines 111a and the signal lines 1164 can be
reduced. However, since the semiconductor film including
the trinsic amorphous silicon film and the n* amorphous
silicon {ilm 1s formed by CVD after the first insulating layer
112 1s formed, high heat resistance to, e.g., equal to or higher
than 300° C. 1s required for the SOG film forming the first

insulating layer 112. In such a case, 1n the active matrix
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substrate, the degree of freedom 1n material selection of the
SOG film used to reduce the capacitance produced at each of

the intersections of the scanming lines and the signal lines 1s
lowered.

The present invention has been made 1n view of the fore-
going, and 1t 1s an objective of the present invention to, in an
active matrix substrate, improve the degree of freedom 1n
material selection of a coating type insulating film used to
reduce capacitance produced at each of intersections of scan-
ning lines and signal lines.

Solution to the Problem

In the present invention, 1in order to accomplish the fore-
going objective, a coating type imsulating layer 1s formed after
a semiconductor layer 1s formed.

Specifically, an active matrix substrate of the present
invention includes a plurality of scanning lines extending
parallel to each other; a plurality of signal lines extending
parallel to each other in a direction crossing the scanming
lines; a plurality of thin film transistors each provided at each
of intersections of the scanning lines and the signal lines, and
cach including a semiconductor layer and a source electrode
and a drain electrode which are formed on the semiconductor
layer 1n a layer in which the signal lines are formed; and a
coating type insulating layer formed between each of the
scanning lines and each of the signal lines. A plurality of
openings are formed 1n the msulating layer such that each of
the semiconductor layers 1s exposed, and at least part of a
peripheral end of the opening of the msulating layer 1s posi-
tioned on an 1nner side relative to each of peripheral ends of
the semiconductor layers.

According to the foregoing configuration, since at least
part of the peripheral end of the opening formed in the coating,
type isulating layer formed between each of the scanning,
lines and each of the signal lines 1s positioned on the 1mner
side relative to each of the peripheral ends of the semicon-
ductor layers, the coating type imnsulating layer 1s formed after
the semiconductor layers are formed by, e.g., CVD. Thus, a
coating type insulating film from which the the coating type
insulating layer 1s formed does not necessarily have, e.g., heat
resistance to equal to or higher than 300° C. to withstand a
CVD process. This allows a low heat resistance spin-on-glass
material to be used as the coating type insulating film. Thus,
in the active matrix substrate, the degree of freedom 1n mate-
rial selection of the coating type isulating {ilm used to reduce
capacitance produced at each of the intersections of the scan-
ning lines and the signal lines can be improved.

Each of the thin film transistors may include a gate elec-
trode formed 1n a layer in which the scanning lines are
formed, and the semiconductor layer and the gate electrode
may be electrically insulated from each other by an gate
insulating film.

According to the foregoing configuration, in each of the
thin film transistors, the relatively-thick coating type insulat-
ing layer 1s not arranged between the semiconductor layer and
the gate electrode, and the semiconductor layer and the gate
clectrode are electrically insulated from each other by the
relatively-thin gate insulating film. Thus, the thin film tran-
sistor having low power consumption can be configured.

A plurality of gate insulating films may be formed parallel
to each other so as to cover respective upper surfaces of the
scanning lines.

According to the foregoing configuration, since the plural-
ity of gate insulating {ilms are formed parallel to each other so
as to cover the respective upper surfaces of the scanming lines,
patterning when the scanning lines are formed and patterning,
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4

when the semiconductor layers are formed can be performed
by a single photolithography step. Thus, the number of photo
masks required for manufacturing of the active matrix sub-
strate can be reduced.

At least one of side end parts of the gate insulating film may
protrude beyond the scanning line.

According to the foregoing configuration, the gate insulat-
ing film 1s formed 1n an overhang shape such that at least one
of the side end parts protrudes beyond the scanning line, and
the coating type insulating layer 1s formed so as to cover the
protruding part of the gate insulating film. Thus, e.g., discon-
nection of the signal line or occurrence of a short circuit
between the scanning line and the signal line due to the
overhung gate msulating film can be reduced.

An auxiliary capacitor line may be provided between adja-
cent ones of the scanning lines so as to extend along the
scanning lines. A plurality of openings may be formed 1n the
insulating layer so as to overlap with respective auxiliary
capacitor lines. The auxiliary capacitor line and the drain
clectrode may be electrically insulated from each other by a
gate msulating film.

According to the foregoing configuration, the relatively-
thick coating type insulating layer 1s not arranged between the
auxiliary capacitor line and the drain electrode together form-
ing an auxiliary capacitor, and the auxiliary capacitor line and
the drain electrode are electrically insulated from each other
by the relatively-thin gate insulating film. Thus, the auxiliary
capacitor having large capacitance can be configured.

The insulating layer may be made of an organic spin-on-
glass material.

According to the foregoing configuration, the msulating
layer 1s made of the organic spin-on-glass material. Thus, e.g.,
the organic spin-on-glass material having photosensitivity 1s
exposed to light and 1s developed, thereby forming the 1nsu-
lating layer.

The semiconductor layer may be made of an oxide semi-
conductor.

According to the foregoing configuration, since the semi-
conductor layer 1s made of the oxide semiconductor, the thin
film transistor having high mobility can be configured.

In a method for manufacturing an active matrix substrate
including a plurality of scanming lines extending parallel to
cach other, a plurality of signal lines extending parallel to
cach other 1n a direction crossing the scanning lines, a plural-
ity of thin film transistors each provided at each of intersec-
tions of the scanning lines and the signal lines, and each
including a semiconductor layer and a source electrode and a
drain electrode which are formed on the semiconductor layer
in a layer in which the signal lines are formed, and a coating
type isulating layer formed between each of the scannming
lines and each of the signal lines, the method includes form-
ing the scanning lines on an isulating substrate; after a gate
insulating film 1s formed so as to cover the scanning lines,
forming the semiconductor layers on the gate insulating film;
alter a spin-on-glass material 1s applied so as to cover the
insulating substrate on which the semiconductor layers are
formed and 1s baked, forming the insulating layer by pattern-
ing the spin-on-glass material such that each of the semicon-
ductor layers 1s exposed; and forming the signal lines on the
insulating layer and forming a source electrode and a drain
clectrode so as to face each other on each of the semiconduc-
tor layers.

According to the foregoing method, the semiconductor
layers are, by, e.g., CVD, formed on the gate insulating film 1n
the forming the semiconductor layers, and then the coating
type insulating layer 1s formed in the forming the mnsulating
layer so as to be arranged between each of the scanning lines
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formed 1n the forming the scanning lines and each of the
signal lines formed 1n the forming the signal lines. Thus, the
coating type insulating film from which the coating type
insulating layer 1s formed does not necessarily have, e.g., the
heat resistance to equal to or higher than 300° C. to withstand
the CVD process. This allows the low heat resistance spin-
on-glass material to be used as the coating type insulating
film. Thus, 1n the active matrix substrate, the degree of free-
dom 1n material selection of the coating type insulating film
used to reduce the capacitance produced at each of the inter-
sections of the scanning lines and the signal lines can be
improved. In addition, according to the foregoing method, a
first photo mask 1s used 1n the forming the scanning lines. A
second photo mask 1s used 1n the forming the semiconductor
layers. A third photo mask 1s used 1n the forming the insulat-
ing layer. A fourth photo mask 1s used in the forming the
signal lines. Although subsequent steps are omitted, a fifth
photo mask 1s used 1 forming an interlayer insulating film,
and a sixth photo mask 1s used in forming pixel electrodes as
described in embodiments described later. Thus, the total of
s1X photo masks are used to manufacture the active matrix
substrate.

In a method for manufacturing an active matrix substrate
including a plurality of scanming lines extending parallel to
cach other, a plurality of signal lines extending parallel to
each other 1n a direction crossing each of the scanning lines,
a plurality of thin film transistors each provided at each of
intersections of the scanning lines and the signal lines, and
cach mcluding a semiconductor layer and a source electrode
and a drain electrode which are formed on the semiconductor
layer 1n a layer in which the signal lines are formed, and a
coating type insulating layer formed between each of the
scanning lines and each of the signal lines, the method
includes after a metal film, an norganic insulating film, a
semiconductor film, and a photosensitive resin film are
stacked 1n this order on an 1nsulating substrate, and a resist
pattern 1s, by halitone exposure of the photosensitive resin
f1lm, formed on the semiconductor film corresponding to part
of the metal film to be formed into the scanning lines and 1s
formed so as to have a relatively-thick part corresponding to
part of the semiconductor film to be formed 1nto the semicon-
ductor layer, forming a gate insulating film by etching part of
the semiconductor film exposed through the resist pattern and
part of the inorganic insulating film positioned below the
semiconductor film; forming the semiconductor layers by
reducing a thickness of the resist pattern to etch the part of the
semiconductor film exposed through the resist pattern; form-
ing the scanning lines by etching part of the metal film
exposed through the gate insulating film; after a spin-on-glass
material 1s applied so as to cover the insulating substrate on
which the scanning lines are formed and 1s baked, forming an
insulating layer by patterning the spin-on-glass material such
that each of the semiconductor layers 1s exposed; and forming,
the signal lines on the insulating layer and forming a source
clectrode and a drain electrode so as to face each other on each
ol the semiconductor layers.

According to the foregoing method, the semiconductor
layers are, by, e.g., CVD, formed 1n the forming the semicon-
ductor layers on the gate insulating film formed 1n the forming
the gate mnsulating film, and then the coating type nsulating
layer 1s formed 1n the forming the msulating layer so as to be
arranged between each of the scanning lines formed 1n the
forming the scanning lines and each of the signal lines formed
in the forming the signal lines. Thus, the coating type 1nsu-
lating film from which the coating type insulating layer is
tformed does not necessarily have, e.g., the heat resistance to
equal to or higher than 300° C. to withstand the CVD process.
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This allows the low heat resistance spin-on-glass material to
be used as the coating type msulating film. Thus, 1n the active
matrix substrate, the degree of freedom 1n material selection
ol the coating type insulating film used to reduce the capaci-
tance produced at each of the intersections of the scanning
lines and the signal lines can be improved. In addition,
according to the foregoing method, a first photo mask
enabling the halftone exposure 1s used 1n the forming the gate
insulating film. A second photo mask i1s used 1n the forming
the insulating layer. A third photo mask 1s used in the forming
the signal lines. Although subsequent steps are omitted, a
fourth photo mask 1s used 1n the forming the interlayer insu-
lating film, and a fifth photo mask 1s used 1n the forming the
pixel electrodes as described 1n embodiments described later.
Thus, the total of five photo masks are used to manufacture
the active matrix substrate, thereby reducing a manufacturing,
COST.

Advantages of the Invention

According to the present invention, the coating type 1nsu-
lating layer 1s formed after the semiconductor layers are
formed. Thus, in the active matrix substrate, the degree of
freedom 1n material selection of the coating type isulating
f1lm used to reduce the capacitance produced at each of the
intersections of the scanning lines and the signal lines can be
improved.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a perspective view 1illustrating a liquid crystal
display device including an active matrix substrate of a first
embodiment.

FIG. 2 1s a plan view 1llustrating a display part of the active
matrix substrate of the first embodiment.

FIG. 3 1s a plan view 1llustrating a line switching part of the
active matrix substrate of the first embodiment.

FIG. 4 1s a first cross-sectional view 1llustrating steps for
manufacturing the active matrix substrate of the first embodi-
ment.

FIG. 51s asecond cross-sectional view 1llustrating steps for
manufacturing the active matrix substrate of the first embodi-
ment subsequent to the steps illustrated 1n FIG. 4.

FIG. 6 1s a cross-sectional view illustrating steps for manu-
facturing a counter substrate arranged so as to face the active
matrix substrate of the first embodiment.

FIG. 7 1s a first cross-sectional view illustrating steps for
manufacturing an active matrix substrate of a second embodi-
ment.

FIG. 81s a second cross-sectional view 1llustrating steps for
manufacturing the active matrix substrate of the second
embodiment subsequent to the steps illustrated in FIG. 7.

FIG. 9 1s a third cross-sectional view 1llustrating steps for
manufacturing the active matrix substrate of the second
embodiment subsequent to the steps illustrated in FIG. 8.

FIG. 10 1s a cross-sectional view 1illustrating steps for
manufacturing an active matrix substrate of a third embodi-
ment.

FIG. 11 1s aplan view 1llustrating a display part of an active
matrix substrate of a fourth embodiment.

FIG. 12 15 a plan view 1llustrating a line switching part of
the active matrix substrate of the fourth embodiment.

FIG. 13 1s a cross-sectional view illustrating steps for
manufacturing the active matrix substrate of the fourth
embodiment.
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FI1G. 14 1s a first cross-sectional view 1llustrating steps for
manufacturing a conventional active matrix substrate using a
coating type insulating film.

FIG. 15 1s a second cross-sectional view illustrating steps
for manufacturing the conventional active matrix substrate
subsequent to the steps 1llustrated 1n FIG. 14.

DESCRIPTION OF EMBODIMENTS

Embodiments of the present invention will be described
below 1n detail with reference to drawings. Note that the
present mnvention 1s not limited to each of the embodiments
described below.

First Embodiment of the Invention

FIGS. 1-6 illustrate an active matrix substrate of a first
embodiment of the present invention and a method for manu-
facturing the active matrix substrate of the first embodiment.
Specifically, FIG. 1 1s a perspective view illustrating a liquad
crystal display device 30 including an active matrix substrate
20a of the present embodiment. FIG. 2 15 a plan view 1llus-
trating a display part of the active matrix substrate 20qa, 1.¢.,
cach pixel of the active matrix substrate 20a as the smallest
unit of an mmage. FIG. 3 1s a plan view illustrating a line
switching part of the active matrix substrate 20a. FIGS. 4 and
5 are cross-sectional views 1llustrating steps for manufactur-
ing the active matrix substrate 20a. FIG. 6 1s a cross-sectional
view 1llustrating steps for manufacturing a counter substrate
30 arranged so as to face the active matrix substrate 20a. Note
that FIG. 5(d) 1s a cross-sectional view of the active matrix
substrate 20a. A cross section of the active matrix substrate
20a along an A-A line of FIG. 2 1s 1llustrated in a region A of
FIG. 5(d). A cross section of the active matrix substrate 20a
along a B-B line of FIG. 2 1s 1llustrated 1n a region B of FIG.
5(d). A cross section of the active matrix substrate 20a along
a C-C line of FIG. 3 1s illustrated 1n a region C of FIG. 5(d).

As illustrated 1n FIG. 1, the liquid crystal display device 50
includes the active matrix substrate 20a and the counter sub-
strate 30 provided so as to face each other, and a liquid crystal
layer (not shown in the figure) sealed between the active
matrix substrate 20q and the counter substrate 30 by a sealing,
material (not shown 1n the figure). As illustrated 1n FIG. 1, in
the liquid crystal display device 50, a plurality of gate-side
tape carrier packages (I'CPs) 41 on each of which a gate
driver integrated circuit (IC) 1s mounted, and a plurality of
source-side TCPs 42 on each of which a source driver IC 1s
mounted are attached to a terminal region T of the active
matrix substrate 20a exposed through the counter substrate
30, through an anisotropic conductive film (ACF).

As 1llustrated 1 FIGS. 2 and 5(d), the active matrix sub-
strate 20a 1ncludes a plurality of scanning lines 11a extending
parallel to each other on an 1nsulating substrate 10a, a plural-
ity of auxiliary capacitor lines 115 each provided between
adjacent ones of the scanning lines 11a and extending parallel
to each other, a plurality of signal lines 16a extending parallel
to each other 1n a direction perpendicular to the scanning lines
11a, a plurality of TF'Ts 5 each provided at each of intersec-
tions of the scanning lines 11a and the signal lines 164, 1.¢.,
provided for each pixel, an interlayer insulating film 1nclud-
ing an inorganic msulating layer 17a and an organic insulat-
ing layer 18 which are formed so as to cover the TFTs 5, a

plurality of pixel electrodes 19a provided in matrix on the
interlayer insulating film, and an alignment film (not shown n
the figure) formed so as to cover the pixel electrodes 19a.
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Each of the scanning lines 11a 1s drawn out to the terminal
region T, and 1s connected to the gate-side TCP 41 as illus-
trated 1n FIG. 1.

Each of the signal lines 16qa 1s drawn out to the terminal
region T. As illustrated 1n FIGS. 1, 3, and 5(d), in the terminal
region T, each of the signal lines 16a 1s connected to a lead
line 11¢ which 1s for a signal line, through a transparent
conductive layer 195. The lead line 11c¢ 1s connected to the
source-side TCP 42. Note that, 1n the present embodiment,
the configuration 1 which each of the signal lines 16a 1s
connected to the source-side TCP 42 through the lead line 11¢
has been described, but a signal line may be drawn out and be

directly connected to a source-side TCP as necessary.
As 1illustrated i FIGS. 2 and 5(d), each of the TFTs 5

includes a gate electrode (11a) provided on the insulating
substrate 10a, a gate msulating film 12 formed so as to cover
the gate electrode (11a), a semiconductor layer 4a formed in
an 1sland shape 1n a position corresponding to the gate elec-
trode (11a) on the gate insulating film 12, and a source elec-
trode 16aa and a drain electrode 165 provided so as to face
cach other on the semiconductor layer 4a. As 1llustrated 1n
FIG. 2, the gate electrode (11a) 1s part of the scanning line
11a, and the source electrode 16aa 1s a laterally-protruding
part of the signal line 16a. As illustrated 1n FIGS. 2 and 5(d),
the drain electrode 165 1s connected to the pixel electrode 19a
through a contact hole 18a formed 1n the interlayer insulating
film including the inorganic insulating layer 17a and the
organic insulating layer 18, and forms an auxiliary capacitor
6 together with the auxiliary capacitor line 115 on which the
drain electrode 165 1s stacked with the gate insulating film 12
being interposed therebetween. As illustrated in F1G. 5(d), the
semiconductor layer 4a includes an 1ntrinsic amorphous sili-
con layer 13aa having a channel region, and an n™ amorphous
s1licon layer 14aa which is formed on the intrinsic amorphous
s1licon layer 13aa such that the channel region of the intrinsic
amorphous silicon layer 13aa 1s exposed and which 1s con-
nected to the source electrode 16aa and the drain electrode
165.

As 1llustrated 1n FIG. 5(d), 1n the active matrix substrate
20a, a coating type insulating layer 15 1s formed between
cach of the scanning lines 11a and each of the signal lines 164
in order to reduce capacitance produced at each of the inter-
sections of the scanning lines 11a and the signal lines 16a. As
illustrated 1n FIGS. 2 and 5(d), 1n the msulating layer 15, a
plurality of openings 15a are formed such that each of the
semiconductor layers 4a 1s exposed. A plurality of openings
156 are formed 1n the insulating layer 15 such that each of the
openings 155 overlaps with corresponding one of the auxil-
ary capacitor lines 11b5. A plurality of openings 15¢ are
formed 1n the insulating layer 15 such that each of the open-
ings 15¢ overlaps with corresponding one of the lead lines
11c. As illustrated 1n FIGS. 2 and 5(d), a peripheral end of the
opening 15a of the insulating layer 15 1s arranged on an 1inner
side relative to a peripheral end of the semiconductor layer 4a.

As 1llustrated mm FIG. 6(c), the counter substrate 30
includes a back matrix 21 formed in a grid pattern on an
insulating substrate 105, a plurality of colored layers 22
which are, e.g., red layers, green layers, and blue layers each
provided between adjacent ones of grids of the back matrix
21, a common electrode 23 provided so as to cover the back
matrix 21 and the colored layers 22, photo spacers 24 formed
in a columnar shape on the common electrode 23, and an
alignment {ilm (not shown 1n the figure) formed so as to cover
the common electrode 23.

The liquid crystal layer 1s made of, e.g., a nematic liquid
crystal material having electro-optical properties.
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At each pixel of the liquid crystal display device 50 having
the foregoing configuration, a scanning signal 1s transmitted
from a gate driver (gate-side TCP 41) to the gate electrode
(11a) of the TFT 5 through the scanning line 11a. When the
TFT 5 1s turned on, a display signal 1s transmitted from a
source driver (source-side TCP 42) to the source electrode
16aa through the signal line 164, and then a predetermined
charge 1s written 1n the pixel electrode 19a through the semi-
conductor layer 4a and the drain electrode 165. In such a state,
in the liquid crystal display device 50, a potential difference 1s
produced between each of the pixel electrodes 19a of the
active matrix substrate 20a and the common electrode 23 of
the counter substrate 30, and predetermined voltage 1s applied
to the liquid crystal layer, 1.e., a liquid crystal capacitor of
cach pixel and to the auxiliary capacitor 6 connected 1n par-
allel to the liquid crystal capacitor. At each pixel of the liquid
crystal display device 50, an alignment state of the liquid
crystal layer 1s changed depending on the magnitude of volt-
age 1o be applied to the liqud crystal layer to adjust a light
transmittance of the liquid crystal layer, thereby displaying an
image.

Next, a method for manufacturing the liquid crystal display
device 50 of the present embodiment will be described as an
example with reference to FIGS. 4-6. Note that the manufac-
turing method of the present embodiment 1ncludes manufac-
turing of an active matrix substrate, manufacturing of a
counter substrate, and mjection of liquid crystal.

<Manufacturing of Active Matrix Substrate>

First, e.g., a titantum film (thickness of about 50 nm), an
aluminum film (thickness of about 200 nm), and a titanium
f1lm (thickness of about 150 nm) are, by sputtering, stacked 1n
this order on the entirety of an insulating substrate 10a such as
a glass substrate. Then, the multi-layer metal film 1s patterned
by using photolithography. In such a manner, a scanning line
11a, an auxiliary capacitor lines 115, and a lead line 11¢ each
including a titanium layer Ga, an aluminum layer Gb, and a
titanium layer G¢ are formed as 1llustrated 1n FIG. 4(a) ({or-
mation of a scanning line).

Subsequently, e.g., a gate msulating film 12 made of a
silicon nitride film (thickness of about 400 nm and relative
permittivity of about 7.0), an intrinsic amorphous silicon film
(thickness of about 50-200 nm), and an n™ amorphous silicon
film (thickness of about 40 nm) are, by CVD, stacked 1n this
order on the entirety of the substrate on which the scanning
line 11a, the auxiliary capacitor line 115, and the lead line 11¢
are formed. Then, the multi-layer semiconductor film includ-
ing the itrinsic amorphous silicon film and the n* amorphous
silicon film 1s patterned by using the photolithography,
thereby forming intrinsic amorphous silicon layers 13aq and
135 and n* amorphous silicon layers 14a and 1454 as illus-
trated in FI1G. 4(b) (formation of a semiconductor layer).

Subsequently, e.g., an organic spin-on-glass (SOG) mate-
rial (15s) containing polysiloxane or silicone resin as a main
component 1s, by spin coating, applied to a thickness of about
1.5 um to the enfirety of the substrate on which the intrinsic
amorphous silicon layers 13a and 135 and the n* amorphous
silicon layers 14a and 145 are formed. Then, the organic SOG
matenal 1s pre-baked at 150° C. for about 5 minutes, and then
1s post-baked at 350° C. for about 1 hour. In such a manner, an
organic SOG film 15s 1s formed. Subsequently, the organic
SOG film 15s 1s patterned by using the photolithography,
thereby forming an msulating layer 15 having openings 15a,
155, and 15¢ and having relative permittivity of about 2.5 as
illustrated in FIG. 4(¢) (formation of an insulating layer). At
this point, a gas mixture of carbon tetratluoride and oxygen 1s
used for the patterning of the organic SOG film 15s. In addi-
tion, a gas mixture ratio and high-frequency power are
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adjusted, and then dry etching 1s performed under conditions
where high selectivity of each of the itrinsic amorphous
s1licon layer and the n* amorphous silicon layer to the organic
SOG film can be obtained. For the patterning of the organic
SOG film 1355, a barrier metal layer may be formed 1n advance
on the n™ amorphous silicon layer such that the intrinsic
amorphous silicon layer and the n* amorphous silicon layer
are not damaged. Note that alow heat resistance organic SOG
material having photosensitivity may be used as the organic
SOG material. In such a case, effective operation and function
of the present invention, 1.e., improvement of the degree of
freedom 1n material selection of a coating type insulating
film, can be realized, and the photolithography and the dry
etching can be omitted.

Subsequently, e.g., an aluminum film (thickness of about
200 nm) and a titanium film (thickness of about 100 nm) are,
by the sputtering, stacked 1n this order on the entirety of the
substrate on which the insulating layer 15 1s formed. Then, the
multi-layer metal film 1s patterned by using the photolithog-
raphy. In such a manner, as 1llustrated 1n FIG. 4(d), a signal
line 164, a source electrode 16aa, and a drain electrode 1654
cach including an aluminum layer Sa and a titanium layer Sb
are formed, thereby forming an auxiliary capacitor 6 (forma-
tion of a signal line). Then, as illustrated 1n FIG. 4(e), part of
the n™ amorphous silicon layers 14a and 145 exposed through
the source electrode 16aa and the drain electrode 165 and
upper parts of the intrinsic amorphous silicon layers 13a and
1356 positioned below the n™ amorphous silicon layers 14a
and 1456 are removed by the dry etching. In such a manner, a
semiconductor layer 4a including an intrinsic amorphous
silicon layer 13aa and an n™ amorphous silicon layer 14aa,
and a semiconductor layer 45 including an intrinsic amor-
phous silicon layer 13ba and an n*™ amorphous silicon layer
14ba are formed, thereby forming a TFT 5.

Subsequently, e.g., a silicon nitride film (thickness of about
150-700 nm) 1s, by CVD, stacked on the entirety of the
substrate on which the TF'T 5 and the auxiliary capacitor 6 are
formed, thereby forming an inorganic msulating film 17 as
illustrated 1n FIG. 5(a).

Subsequently, e.g., a photosensitive organic isulating film
1s, by the spin coating, applied to a thickness of about 1.0-3.0
um on the entirety of the substrate on which the 1norganic
insulating film 17 1s formed. Then, the applied film 1s exposed
to light and 1s developed, thereby forming an organic msulat-
ing layer 18 having contact holes 18a and 1856 as 1llustrated 1n
FIG. 5(b).

Subsequently, part of the iorganic insulating film 17
exposed through the organic insulating layer 18 1s removed by
the dry etching, thereby forming an 1norganic insulating layer
17a as illustrated 1n FIG. 5(c¢). In the present embodiment, the
multi-layer film including the mnorganic mnsulating layer 17a
and the organic insulating layer 18 has been described as the
interlayer insulating film electrically insulating the TE'T 5 and
the pixel electrode 19a from each other. However, the inter-
layer insulating film may be a single layer film 1including the
inorganic isulating layer 17a or the organic insulating layer
18.

Finally, e.g., a transparent conductive film such as an
indium tin oxide (ITO) film (thickness of about 100 nm ) 1s, by
the sputtering, stacked on the entirety of the substrate on
which the inorganic insulating layer 17a 1s formed. Then, the
transparent conductive film 1s patterned by using the photo-
lithography, thereby forming a pixel electrode 194 and a
transparent conductive layer 196 as 1illustrated 1in FI1G. 5(d).

In the foregoing manner, the active matrix substrate 20a
can be manufactured.
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<Manufacturing of Counter Substrate>

First, e.g., photosensitive resin colored black 1s, by the spin
coating, applied to the entirety of an insulating substrate 1056
such as a glass substrate, and then the applied resin 1s exposed
to light and 1s developed. In such a manner, as 1llustrated in
FIG. 6(a), a back matrix 21 1s formed to a thickness of about
1.0 um.

Subsequently, e.g., photosensitive resin colored red, green,
or blue 1s, by the spin coating, applied to the entirety of the
substrate on which the back matrix 21 1s formed, and then the
applied resin 1s exposed to light and 1s developed. In such a
manner, as illustrated in FIG. 6(a), a colored layer 22 (e.g., a
red layer) having a selected color 1s formed to a thickness of
about 2.0 um. The similar process 1s repeated for other two
colors. Each of colored layers 22 (e.g., a green layer and a
blue layer) having the other two colors 1s formed to a thick-
ness of about 2.0 um.

Subsequently, €.g., a transparent conductive film such as an
I'TO film 1s, by the sputtering, stacked on the entirety of the
substrate on which the colored layers 22 having the foregoing
colors are formed, thereby forming a common electrode 23 to
a thickness of about 50-200 nm as 1llustrated 1n FI1G. 6(5).

Finally, photosensitive resin 1s, by the spin coating, applied
to the entirety of the substrate on which the common electrode
23 1s formed, and then the applied resin 1s exposed to light and
1s developed. In such a manner, as illustrated 1n FIG. 6(c), a
photo spacer 24 1s formed to a thickness of about 4 um.

In the foregoing manner, the counter substrate 30 can be
manufactured.

<Injection of Liquid Crystal>

First, a polyimide resin {ilm 1s, by printing, applied to each
ol surfaces of the active matrix substrate 20a manufactured in
the manufacturing of the active matrix substrate and the
counter substrate 30 manufactured in the manufacturing of
the counter substrate. Then, the applied resin film 1s baked
and 1s rubbed, thereby forming an alignment film.

Subsequently, e.g., a sealing material containing thermal-
ultraviolet (UV) curable resin etc. 1s printed 1n a frame shape
on the surface of the counter substrate 30 on which the align-
ment film 1s formed. Then, a liquid crystal material 1s dropped
onto a region of the counter substrate 30 on an 1nner side
relative to the sealing matenial.

The counter substrate 30 onto which the liquid crystal
maternial 1s dropped and the active matrix substrate 20a on
which the alignment {ilm 1s formed are bonded together under
reduced pressure. Then, the bonded body of the counter sub-
strate 30 and the active matrix substrate 20a 1s exposed to
atmospheric pressure, thereby applying pressure to front and
back surfaces of the bonded body.

The sealing material sandwiched between the counter sub-
strate 30 and the active matrix substrate 20a of the bonded
body 1s 1rradiated with UV light, and then 1s cured by heating,
the bonded body.

Finally, the bonded body, the sealing material of which 1s
cured, 1s cut by, e.g., dicing. After an unnecessary part of the
bonded body 1s removed, e.g., gate-side TCPs 41 and source-
side TCPs 42 are mounted on a terminal region T of the active
matrix substrate 20a.

In the foregoing manner, the liquid crystal display device
50 of the present embodiment can be manufactured.

As described above, according to the active matrix sub-
strate 20a of the present embodiment and the method for
manufacturing the active matrix substrate 20a of the present
embodiment, the semiconductor layer including the intrinsic
amorphous silicon layer 13a and the n* amorphous silicon
layer 14a 1s, by CVD, formed on the gate mnsulating film 12 1n
the formation of the semiconductor layer, and then the coating,
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type msulating layer 15 1s formed in the formation of the
insulating layer so as to be arranged between the scanning line

11a formed in the formation of the scanning line and the
signal line 16a formed 1n the formation of the signal line.
Thus, the coating type organic SOG film 15s from which the
coating type msulating layer 15 1s formed does not necessar-
1ly have, e.g., heat resistance to equal to or higher than 300° C.
to withstand a CVD process. This allows the low heat resis-
tance organic SOG material to be used as the coating type
insulating film. Thus, 1n the active matrix substrate 20a, the
degree of freedom 1n material selection of the coating type
insulating film used to reduce capacitance produced at each of
the intersections of the scanning lines 11a and the signal lines
16a can be improved.

According to the active matrix substrate 20q of the present
embodiment, in each of the TFTs 5, the relatively-thick coat-
ing type msulating layer 15 1s not arranged between the semi-
conductor layer 4a and the gate electrode (11a) due to the
opening 15a, and the semiconductor layer 4a and the gate
clectrode (11a) are electrically msulated from each other by
the relatively-thin gate insulating film 12. Thus, the TFT 3
having low power consumption can be configured.

According to the active matrix substrate 20a of the present
embodiment, the relatively-thick coating type insulating
layer 15 1s not arranged between the auxiliary capacitor line
115 and the drain electrode 165 together forming the auxil-
1ary capacitor 6 due to the opeming 155, and the auxiliary
capacitor line 115 and the drain electrode 165 are electrically
insulated from each other by the relatively-thin gate msulat-
ing film 12. Thus, the auxiliary capacitor 6 having large
capacitance can be configured.

According to the method for manufacturing the active
matrix substrate 20a of the present embodiment, since a sur-
face of the gate electrode (11a) 1s covered with the gate
insulating film 12 when the coating type organic SOG film
15s 1s baked, the gate electrode (11a) 1s protected from heat 1n
baking atmosphere or corrosive gas (e.g., oxygen), and a
matenal (e.g., aluminum, copper, or an alloy thereof) which 1s
likely to be oxidized can be used for the gate electrode (11a).

Second Embodiment of the Invention

FIGS. 7-9 illustrate an active matrix substrate of a second
embodiment of the present invention and a method for the
manufacturing the active matrix substrate of the second
embodiment. Specifically, FIGS. 7-9 are cross-sectional
views 1llustrating steps for manufacturing an active matrix
substrate 205 of the present embodiment. Note that the same
reference numerals as those shown 1n FIGS. 1-6 are used to
represent equivalent elements in each of the following
embodiments, and the description thereof will not be
repeated.

Although the method by which the active matrix substrate
1s manufactured by using the total of s1x photo masks has been
described as an example 1n the first embodiment, the method
by which an active matrix substrate 1s manufactured by using
the total of five photo masks will be described as an example
in the present embodiment.

The active matrix substrate 205 1s substantially the same as
the active matrix substrate 20a of the first embodiment,
except that the gate mnsulating film 12 of the first embodiment
1s patterned 1nto gate msulating films 12a, 125, and 12¢ as
illustrated in FI1G. 9(d).

As 1llustrated i FIG. 9(d), the gate mnsulating films 12a,
125, and 12¢ cover upper surfaces of a scanning line 11qa, an
auxiliary capacitor line 115, and a lead line 11¢, respectively.
In some cases, the gate insulating films 12a, 125, and 12¢ are



US 8,729,612 B2

13

stacked respectively on the scanning line 11a, the auxiliary
capacitor line 115, and the lead line 11¢, and laterally pro-
trude 1n an eave-like shape respectively beyond the scanning
line 11a, the auxiliary capacitor line 115, and the lead line
11c.

Next, the method for manufacturing the active matrix sub-
strate 205 of the present embodiment will be described as an
example with reference to FIGS. 7-9.

First, as 1llustrated 1n FIG. 7(a), e.g., a titanium film Ga
(thickness of about 50 nm), an aluminum film Gb (thickness
of about 200 nm), and a titanium {ilm Gc (thickness of about
150 nm) are, by sputtering, stacked in this order on the
entirety of an insulating substrate 10a such as a glass sub-
strate, thereby forming a multi-layer metal film 11. Then, e.g.,
an 1organic msulating film 12 such as a silicon nitride film
(thickness of about 400 nm and relative permittivity of about
7.0), an intrinsic amorphous silicon film 13 (thickness of
about 50-200 nm) which forms part of a semiconductor film,
and an n™ amorphous silicon film 14 which forms another part
of the semiconductor film are, CVD, stacked in this order on
the multi-layer metal film 11.

Subsequently, e.g., a resist material 1s, by spin coating,
applied to a thickness of about 2 um to the entirety of the
substrate on which the n™ amorphous silicon film 14 is
tformed, thereby forming a photosensitive resin film R. Then,
the photosensitive resin film R 1s exposed to light and 1s
developed by using a photo mask enabling halftone exposure.
In such a manner, as 1llustrated 1n FI1G. 7(b), aresist pattern Ra
1s formed corresponding to part of a multi-layer metal film 11
to be formed into a scanning line 11a, an auxiliary capacitor
line 1154, and a lead line 11¢, and 1s also formed so as to have
a relatively-thick part corresponding to part of the intrinsic
amorphous silicon layer 13 and the n* amorphous silicon film
14 to be formed 1nto a semiconductor layer 4a (the relatively-
thick parthas, e.g., a thickness of about 2 um, and a relatively-
thin part has, e.g., a thickness of about 1 um). The halftone
photo mask (photo mask enabling the halftone exposure)
includes a transmissive part, a light shuelding part, and a
semi-transmissive part made of a semi-transmissive film
cnabling intermediate exposure. The transmissive part, the
light shielding part, and the semi-transmissive part allow light
exposure of the photosensitive resin at three exposure levels
of a full exposure level, a zero exposure level, and an inter-
mediate exposure level. A gray tone photo mask 1n which a
semi-transmissive part includes a plurality of slits may be
used mstead of using the halftone photo mask.

Part of the n™ amorphous silicon film 14 exposed through
the resist pattern Ra, and part of the intrinsic amorphous
silicon film 13 and the gate mnsulating film 12 which are
positioned below the n™ amorphous silicon film 14 are
removed by, e.g, dry etching. In such a manner, as illustrated
in FIG. 7(c), gate insulating films 12a, 126 and 12¢, intrinsic
amorphous silicon layers 13a and 1354, and n™ amorphous
silicon layers 14a and 146 are formed (formation of a gate
insulating film).

The thickness of the resist pattern Ra 1s reduced by ashing,
using oxygen gas plasma in a chamber of a dry etching device,
thereby forming the resist pattern Ra into a resist pattern Rb.
Then, part of the n™ amorphous silicon layers 14a and 1456
exposed through the resist pattern Rb, and part of the intrinsic
amorphous silicon layers 13a and 135 positioned below the
n* amorphous silicon layers 14a and 145 are etched, thereby
forming 1ntrinsic amorphous silicon layers 13ab and 1355
and n™ amorphous silicon layers 14ab and 14bb as illustrated
in FIG. 7(d) (formation of a semiconductor layer).

Subsequently, part of the multi-layer metal film 11 exposed
through the gate insulating films 12a, 125, and 12¢ 1s removed
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by wet etching, thereby forming a scanning line 11a, an
auxiliary capacitor line 115, and a lead line 11c¢ as illustrated
in FI1G. 8(a) (formation of a scanning line).

Subsequently, e.g., an organic spin-on-glass (SOG) mate-
rial (155) containing polysiloxane and silicone resin as main
components 1s, by the spin coating, applied to a thickness of
about 1.5 um to the entirety of the substrate on which the
scanning line 11qa, the auxiliary capacitor line 115, and the
lead line 11c¢ are formed. Then, the organic SOG matenal 1s
pre-baked at 150° C. for about 5 minutes, and then 1s post-
baked at 350° C. for about 1 hour. In such a manner, an
organic SOG film 15s 1s formed. Subsequently, the organic
SOG film 15s 1s patterned by using photolithography, thereby
forming an insulating layer 15 having openings 15a, 156, and
15¢ and having relative permittivity of about 2.5 as 1llustrated
in FIG. 8(5) (formation of an msulating layer).

Subsequently, e.g., an aluminum film (thickness of about
200 nm) and a titanium film (thickness of about 100 nm) are,
by the sputtering, stacked 1n this order on the entirety of the
substrate on which the insulating layer 15 1s formed. Then, the
multi-layer metal film 1s patterned by using the photolithog-
raphy. In such a manner, as illustrated 1n FIG. 8(¢), a signal
line 16a, a source electrode 16aa, and a drain electrode 165
cach including an aluminum layer Sa and a titanium layer Sb
are formed, thereby forming an auxiliary capacitor 6 (forma-
tion of a signal line). As illustrated 1n FIG. 8(d), part ofthen™
amorphous silicon layers 14ab and 1455 exposed through the
source electrode 16aa and the drain electrode 165 and upper
parts of the intrinsic amorphous silicon layers 13ab and 1355
positioned below the n* amorphous silicon layers 14ab and
1466 are removed by the dry etching. In such a manner, a
semiconductor layer 4a including an intrinsic amorphous
silicon layer 13aaq and an n™ amorphous silicon layer 14aa,
and a semiconductor layer 45 including an intrinsic amor-
phous silicon layer 13ba and an n™ amorphous silicon layer
14ba are formed, thereby forming a TFT 5.

Subsequently, e.g., a silicon nitride film (thickness of about
150-700 nm) 1s, by CVD, stacked on the entirety of the
substrate on which the TF'T 5 and the auxiliary capacitor 6 are
formed, thereby forming an inorganic insulating film 17 as
illustrated 1n FIG. 9(a).

Subsequently, e.g., a photosensitive organic isulating film
1s, by the spin coating, applied to a thickness of about 1.0-3.0
um to the entirety of the substrate on which the inorganic
insulating film 17 1s formed. Then, the applied film 1s exposed
to light and 1s developed, thereby forming an organic msulat-
ing layer 18 having contact holes 18a and 1856 as 1llustrated 1n
FIG. 9(b).

Subsequently, part of the iorganic insulating film 17
exposed through the organic insulating layer 18 1s removed by
the dry etching, thereby forming an 1norganic insulating layer
17a as illustrated in FIG. 9(c¢).

Finally, e.g., a transparent conductive film such as an ITO
film (thickness of about 100 nm) 1s, by the sputtering, stacked
on the entirety of the substrate on which the morganic insu-
lating layer 17a 1s formed. Then, the transparent conductive
f1lm 1s patterned by using the photolithography, thereby form-
ing a pixel electrode 194 and a transparent conductive layer
195 as illustrated i FI1G. 9(d).

In the foregoing manner, the active matrix substrate 205
can be manufactured.

As described above, according to the active matrix sub-
strate 206 of the present embodiment and the method for
manufacturing the active matrix substrate 2056 of the present
embodiment, the semiconductor layer including the intrinsic
amorphous silicon layer 134 and the n™ amorphous silicon
layer 14a 1s, by CVD, formed 1n the formation of the semi-
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conductor layer on the gate insulating {ilm 12a formed 1n the
formation of the gate msulating film, and then the coating

type msulating layer 15 1s formed in the formation of the
insulating film so as to be arranged between the scanning line
11a formed in the formation of the scanning line and the
signal line 16a formed in the formation of the signal line.
Thus, the coating type organic SOG film 13s from which the
coating type msulating layer 15 1s formed does not necessar-
1ly have, e.g., heat resistance to equal to or higher than 300° C.
to withstand a CVD process. This allows the low heat resis-
tance organic SOG material to be used as the coating type
insulating film. Thus, 1n the active matrix substrate 205, the
degree of freedom 1n material selection of the coating type
insulating film used to reduce capacitance produced at each of
intersections of the scanning lines 11a and the signal lines 16a
can be improved. According to the method for manufacturing
the active matrix substrate 206 of the present embodiment, the
first photo mask enabling the halftone exposure 1s used in the
formation of the gate insulating film. The second photo mask
1s used in the formation of the msulating layer. The third photo
mask 1s used in the formation of the signal line. The fourth
photo mask 1s used 1n the formation of the interlayer msulat-
ing film. The fifth photo mask 1s used 1n the formation of the
pixel electrode. Thus, since the total of five photo masks are
used for the manufacturing of the active matrix substrate, a
manufacturing cost can be reduced as compared to the
method for manufacturing the active matrix substrate of the
first embodiment.

In addition, according to the active matrix substrate 205 of
the present embodiment, the gate mnsulating film 12a 1s
formed 1n an overhang shape so as to protrude beyond the
scanning line 11qa, and the coating type 1nsulating layer 15 1s
tormed so as to cover the protruding part of the gate insulating
film 12a. Thus, e.g., disconnection of the signal line 16a or
occurrence of a short circuit between the scanning line 11a
and the signal line 16a due to the overhung gate insulating
film 12a can be reduced.

Third Embodiment

FIG. 10 1s a cross-sectional view illustrating steps for
manufacturing an active matrix substrate 20c¢ of the present
embodiment.

In each of the foregoing embodiments, the active matrix
substrate 1n which the color filter 1s provided on the counter
substrate has been described as an example. However, in the
present embodiment, an active matrix substrate having a so-
called “color-filter-on-array structure” in which a color filter
1s provided on the active matrix substrate will be described as
an example.

As 1llustrated 1n FIG. 10(¢), 1n the active matrix substrate
20c¢, a black matrix 7a, colored layers 75, an inorganic insu-
lating layer 8 covering the black matrix 7a and the colored
layer 75, and a photo spacer 9 are provided instead of provid-
ing the organic insulating layer 18 of the active matrix sub-
strate 20a of the first embodiment (see FIG. 5(d)). Other
configurations of the active matrix substrate 20c are substan-
tially the same as those of the active matrix substrate 20aq.

Next, a method for manufacturing the active matrix sub-
strate 20c¢ of the present embodiment will be described as an
example with reference to FIG. 10.

First, the formation of the signal line 1n the manufacturing
of the active matrix substrate of the first embodiment 1s per-
formed. Then, e.g., photosensitive resin colored black 1s, by
spin coating, applied to the entirety of a substrate on which a
TFT 5, an auxiliary capacitor 6, and an inorganic imsulating
film 17 are formed, and then the applied resin 1s exposed to
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light and 1s developed. In such a manner, as 1llustrated in FIG.
10(a), a back matrix 7a 1s formed to a thickness of about 1.0
LLIT.

Subsequently, e.g., photosensitive resin colored red, green,
or blue 1s, by the spin coating, applied to the entirety of the
substrate on which the back matrix 7a 1s formed, and then the
applied resin 1s exposed to light and 1s developed. In such a
manner, as illustrated 1n FIG. 10(a), a colored layer 75 (e.g.,
ared layer) having a selected color 1s formed to a thickness of
about 2.0 um. The similar process 1s repeated for other two
colors. Each of colored layers 76 (e.g., a green layer and a
blue layer) having the other two colors 1s formed to a thick-
ness of about 2.0 um.

Subsequently, e.g., an morganic msulating film such as a
silicon nitride film (thickness of about 150-700 nm) 1s, by
CVD or sputtering, stacked on the entirety of the substrate on
which the colored layers 76 having the forgoing colors are
formed. Then, as illustrated 1n F1G. 10(d), the mnorganic 1nsu-
lating film 1s patterned by using photolithography and dry
ctching, thereby forming an 1norganic insulating layer 8 hav-
ing a contact hole as a protective layer for the colored layers.

Subsequently, e.g., a transparent conductive film such as an
ITO film (thickness of about 100 nm) 1s, by the sputtering,
stacked on the entirety of the substrate on which the mnorganic
insulating layer 8 1s formed. Then, the transparent conductive
f1lm 1s patterned by using the photolithography, thereby form-
ing a pixel electrode 194 and a transparent conductive layer
195 as illustrated i FI1G. 10(c).

Finally, photosensitive resin 1s, by the spin coating, applied
to the entirety of the substrate on which the pixel electrode
19a and the transparent conductive layer 1956 are formed, and
then the applied resin 1s exposed to light and 1s developed. As
illustrated 1n FIG. 10(¢), a photo spacer 9 1s formed to a
thickness of about 4 um.

In the foregoing manner, the active matrix substrate 20c¢
can be manufactured.

Note that, e.g., atransparent conductive film such as an I'TO
film 1s, by the sputtering, formed to a thickness of about
50-200 nm on the entirety of an insulating substrate such as a
glass substrate, thereby manufacturing an counter substrate
arranged so as to face the active matrix substrate 20c.

As described above, according to the active matrix sub-
strate 20c¢ of the present embodiment and the method for
manufacturing the active matrix substrate 20c¢ of the present
embodiment, since a coating type insulating layer 15 1s, as 1n
cach of the foregoing embodiments, formed after a semicon-
ductor layer including an intrinsic amorphous silicon layer
13a and an n™ amorphous silicon layer 14a 1s formed, the
degree of freedom 1n material selection of a coating type
insulating film used to reduce capacitance produced at each of
intersections of scanning lines 11 and signal lines 16a can be
improved 1n the active matrix substrate 20c.

In the present embodiment, the color-filter-on-array struc-
ture 1s employed for the active matrix substrate 20a of the first

embodiment, but may be employed for the active matrix
substrate 206 of the second embodiment.

Fourth Embodiment of the Invention

FIGS. 11-13 1llustrate an active matrix substrate of a fourth
embodiment of the present invention and a method for the
active matrix substrate of the fourth embodiment of the
present invention. Specifically, FIG. 11 1s a plan view 1illus-
trating a display part of an active matrix substrate 204 of the
present embodiment. FIG. 12 1s a plan view 1llustrating a line
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switching part of the active matrix substrate 204. F1G. 13 1s a
cross-sectional view 1llustrating steps for manufacturing the
active matrix substrate 20d.

In each of the foregoing embodiments, the active matrix
substrate 1n which the organic matenial layer such as the
organic insulating layer 18 or the colored layer 7 1s formed
below the pixel electrode has been described as an example.
However, 1n the present embodiment, an active matrix sub-
strate 1n which an organic material layer 1s not arranged below
a pixel electrode will be described as an example.

As 1llustrated in FIGS. 11 and 13(d), 1n the active matrix
substrate 20d, a drain electrode 16¢ 1s connected to a pixel
clectrode 19¢ through a contact hole 17¢ca formed 1n an 1nor-
ganic insulating layer 1756. However, since the drain electrode
16¢ does not overlap with an auxiliary capacitor line 115, an
auxiliary capacitor 6 1s formed by the auxiliary capacitor line
115, the pixel electrode 19¢, and a gate insulating film 12 and
the 1norganic sulating layer 176 which are arranged
between the auxiliary capacitor line 115 and the pixel elec-
trode 19¢. Other configurations of the active matrix substrate
20d are substantially the same as those of the active matrix
substrate 20a of the first embodiment. Note that, as illustrated
in FIGS. 12 and 13(d), a transparent conductive layer 195 1s
connected to a signal line 16a and a lead line 11¢ through a
contact hole 17¢b formed 1n the mmorganic insulating layer
175b.

Next, the method for manufacturing the active matrix sub-
strate 20d of the present embodiment will be described as an
example with reference to FIG. 13.

First, the formation of the mnsulating layer in the manufac-
turing of the active matrix substrate of the first embodiment 1s
performed. Then, e¢.g., an aluminum film (thickness of about
200 nm) and a titanium film (thickness of about 100 nm) are,
by sputtering, stacked in this order on the entirety of a sub-
strate on which an insulating layer 15 i1s formed. Then, the
multi-layer metal film 1s patterned by using photolithography.
In such a manner, as illustrated 1n FIG. 13(a), a signal line
16a, a source electrode 16aa, and a drain electrode 16¢ each
including an aluminum layer Sa and a titanium layer Sb are
formed (formation of a signal line). Then, as illustrated 1n
FIG. 13(b), part of n* amorphous silicon layers 14a and 1454
exposed through the source electrode 16aa and the drain
clectrode 16¢ and upper parts of intrinsic amorphous silicon
layers 13a and 135 positioned below the n™ amorphous sili-
con layers 14a and 145 are removed by dry etching. In such a
manner, a semiconductor layer 4a including an intrinsic
amorphous silicon layer 13aaq and an n* amorphous silicon
layer 14aa, and a semiconductor layer 45 including an intrin-
s1c amorphous silicon layer 13ba and ann™ amorphous silicon
layer 14ba are formed, thereby forming a TFT 3.

Subsequently, €.g., a silicon nitride film (thickness of about
150-700 nm) 1s, by CVD, stacked on the entirety of the
substrate on which the TF'T 5 1s formed, thereby forming an
inorganic msulating film 17 as illustrated i FIG. 13(c¢).

Subsequently, the inorganic insulating film 17 1s patterned
by the photolithography and the dry etching, thereby forming
an iorganic msulating layer 175.

Finally, e.g., a transparent conductive film such as an I'TO
f1lm (thickness of about 100 nm) 1s, by the sputtering, stacked
on the entirety of the substrate on which the morganic nsu-
lating layer 175 1s formed. Then, the transparent conductive
f1lm 1s patterned by using the photolithography, thereby form-
ing a pixel electrode 19¢ and a transparent conductive layer
1956 to form an auxiliary capacitor 6 as illustrated 1in FIG.
13(d).

In the foregoing manner, the active matrix substrate 20d
can be manufactured.
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As described above, according to the active matrix sub-
strate 204 of the present embodiment and the method for
manufacturing the active matrix substrate 204 of the present
embodiment, since the coating type insulating layer 15 1s, as
in each of the foregoing embodiments, formed after the semi-
conductor layer including the intrinsic amorphous silicon
layer 13a and the n™ amorphous silicon layer 14a is formed,
the degree of freedom 1n material selection of a coating type
insulating film used to reduce capacitance produced at each of
intersections of scanning lines 11a and the signal lines 16qa
can be improved in the active matrix substrate 20d.

In the present embodiment, the variation in which the
structure 1n which the mnorganic insulating layer 1s positioned
below the pixel electrode 1s employed for the active matrix
substrate 20a of the first embodiment has been described as an
example. However, the structure in which the inorganic 1nsu-
lating layer 1s positioned below the pixel electrode may be
employed for the active matrix substrate 206 of the second
embodiment.

In each of the foregoing embodiments, it has been
described as an example that an edge pattern in which at least
part of the peripheral end of the opening 135a of the insulating
layer 15 1s, at each pixel, positioned on an inner side relative
to the peripheral end of the semiconductor layer 4a indicates
the manufacturing method by which the coating type msulat-
ing layer 1s formed after the semiconductor layer 1s formed. In
the present invention, even ii an edge pattern in which a
peripheral end of an opening of an nsulating layer 1s posi-
tioned on an outer side relative to a peripheral end of a
semiconductor layer 1s employed, e.g., a multi-layer structure
of the semiconductor layer and the insulating layer provided
outside a display region as a dummy indicates the manufac-
turing method by which the coating type insulating layer 1s
formed after the semiconductor layer 1s formed.

In each of the foregoing embodiments, the multi-layer
titantum-aluminum-titanium structure has been described as
the scanning line 11a. However, a middle metal layer may be
a copper layer or an aluminum alloy layer, and upper and
lower layers may be molybdenum layers or molybdenum-
titanium alloy layers.

In each of the foregoing embodiments, the multi-layer
aluminum-titanium structure has been described as the signal
line 16a. However, an upper metal layer may be a copper layer
or an aluminum alloy layer, and a lower layer may be a
molybdenum layer or a molybdenum-titanium alloy layer.

In each of the foregoing embodiments, the active matrix
substrate using the amorphous silicon semiconductor layer
has been described as an example. However, the present
invention may be employed for an active matrix substrate
using an oxide semiconductor layer such as a ZnO semicon-
ductor layer or an In—Ga—7n—0 (I1GZ0) semiconductor
layer.

In each of the foregoing embodiments, the liqud crystal
display device including the active matrix substrate has been
described as an example of the display device. However, the
present invention may be employed for other display devices
such as organic electro luminescence (EL) display devices,
iorganic EL display devices, and electrophoretic display
devices.

In each of the foregoing embodiments, the active matrix
substrate 1n which the electrode of the TF'T connected to the
pixel electrode 1s called the “drain electrode” has been
described as an example. However, the present invention may
be employed for an active matrix substrate 1n which an elec-
trode of a TFT connected to a pixel electrode 1s called a
“source electrode.”
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INDUSTRIAL APPLICABILITY

As described above, 1n the present invention, the degree of

freedom 1n material selection of the coating type insulating
film used to reduce the capacitance produced at each of the
intersections of the scanning lines and the signal lines can be
improved. Thus, the present invention 1s useful for an active
matrix substrate used for, e.g., a large-screen liquid crystal
television displaying a high-definition image at a high frame
rate.

DESCRIPTION OF REFERENC.

T

CHARACTERS

R Photosensitive Resin Film

Ra First Resist Pattern

Rb Second Resist Pattern

da Semiconductor Layer

5TEFT

10a Insulating Substrate

11 Multi-Layer Metal Film (Metal Film)

11a Scanning Line (Gate Electrode)

115 Auxiliary Capacitor Line

12, 12a Gate Insulating Film (Inorganic Insulating Film)
13 Intrinsic Amorphous Silicon Film (Semiconductor Film)
14 N™ Amorphous Silicon Film (Semiconductor Film)
15 Insulating Layer

15a, 156 Opening

155 Organic SOG Film (Spin-On-Glass Material)

16a Signal Line

16aa Source Electrode

1656 Drain Electrode

20a-20d Active Matrix Substrate

The mvention claimed 1s:

1. An active matrix substrate, comprising:

a plurality of scanning lines extending parallel to each
other;
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3. The active matrix substrate of claim 2, wherein

a plurality of gate msulating films are formed parallel to
cach other so as to cover respective upper surfaces of the
scanning lines.

4. The active matrix substrate of claim 3, wherein

at least one of side end parts of the gate msulating film
protrudes beyond the scanning line.

5. The active matrix substrate of claim 1, wherein

an auxiliary capacitor line 1s provided between adjacent
ones of the scanning lines so as to extend along the
scanning lines,

the plurality of openings are formed 1n the insulating layer
so as to overlap with respective auxiliary capacitor lines,
and

the auxiliary capacitor line and the drain electrode are
electrically insulated from each other by a gate insulat-
ing film.

6. The active matrix substrate of claim 1, wherein

the insulating layer 1s made of an organic spin-on-glass
material.

7. The active matrix substrate of claim 1, wherein

the semiconductor layer 1s made of an oxide semiconduc-
tor.

8. A method for manufacturing the active matrix substrate

of claim 1, comprising:

forming the scanning lines on an 1nsulating substrate;

after a gate insulating film 1s formed so as to cover the
scanning lines, forming the semiconductor layers on the
gate isulating film;

after a spin-on-glass material 1s applied so as to cover the
insulating substrate on which the semiconductor layers
are formed and 1s baked, forming the msulating layer by
patterning the spin-on-glass material such that each of
the channel regions of the semiconductor layers 1s
exposed; and

forming the signal lines on the insulating layer and forming,
a source electrode and a drain electrode so as to face each
other on each of the semiconductor layers.

9. A method for manufacturing the active matrix substrate

a plurality of signal lines extending parallel to each otherin 49 of claim 1, comprising;

a direction crossing the scanning lines;
a plurality of than film transistors each provided at each of

intersections of the scanning lines and the signal lines,
and each 1ncluding a semiconductor layer and a source
clectrode and a drain electrode which are formed on the
semiconductor layer in a layer in which the signal lines
are formed; and

a coating type msulating layer formed between each of the
scanning lines and each of the signal lines, wherein

cach of the semiconductor layers includes a channel
region,

a plurality of openings are formed 1n the insulating layer
such that the semiconductor layers and the channel
regions thereol are each exposed,

at least part of a peripheral end of the plurality of openings
of the insulating layer 1s positioned on an inner side
relative to each of peripheral ends of the semiconductor
layers, and

the source electrode and the drain electrode are connected
to the semiconductor layer through a corresponding one
of the plurality of openings.

2. The active matrix substrate of claim 1, wherein

cach of the thin film transistors includes a gate electrode
formed 1n a layer in which the scanning lines are formed,
and

the semiconductor layer and the gate electrode are electri-
cally insulated from each other by a gate insulating film.
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aiter a metal film, an morganic isulating film, a semicon-
ductor film, and a photosensitive resin film are stacked 1n
this order on an insulating substrate, and a resist pattern
1s, by halftone exposure of the photosensitive resin film,
formed on the semiconductor film corresponding to part
of the metal film to be formed 1nto the scanning lines and
1s formed so as to have a relatively-thick part corre-
sponding to part of the semiconductor film to be formed
into the semiconductor layer, forming a gate msulating
film by etching part of the semiconductor film exposed
through the resist pattern and part of the mnorganic 1nsu-
lating film positioned below the semiconductor film;

forming the semiconductor layers by reducing a thickness
of the resist pattern to etch the part of the semiconductor
film exposed through the resist pattern;

forming the scanning lines by etching part of the metal film
exposed through the gate insulating film;

after a spin-on-glass material 1s applied so as to cover the
insulating substrate on which the scanning lines are
formed and 1s baked, forming an insulating layer by
patterning the spin-on-glass material such that each of
the channel regions of the semiconductor layers 1s
exposed; and

forming the signal lines on the insulating layer and forming,
a source electrode and a drain electrode so as to face each
other on each of the semiconductor layers.

G o e = x
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